Summary The associations of body fat and body fat distribution with breast cancer risk were examined in a prospective study in 9,746 post-menopausal women with a natural menopause, aged [49][50][51][52][53][54][55][56][57][58][59][60][61][62][63][64][65][66] (Tornberg et al., 1988; Tretli, 1989) .
The relationship between obesity and breast cancer in postmenopausal women has been noted since 1964 (de Waard et al., 1964 . The positive relationship between obesity and breast cancer in (older) post-menopausal women seems to be well established and has been confirmed in many, predominantly case-control, studies (Osler, 1987) . In two recent prospective studies no relationship between obesity and breast cancer in post-menopausal American women was observed (London et al., 1989; Ballard-Barbash et al., 1990) , whereas two recent prospective European studies did show a positive relationship between obesity and breast cancer in post-menopausal women (Tornberg et al., 1988; Tretli, 1989) .
The relationship between body fat distribution and breast cancer has been studied in four American studies and three European studies (Lapidus et al., 1988; Ballard-Barbash et al., 1990; Folsom et al., 1990; Schapira et al., 1990; Soennichsen et al., 1990; Bruning et al., 1992; Petrek et al., 1993) . The characteristics and results of these studies are summarised in Table I . The potential relationship between fat distribution and breast cancer is also currently debated. In most studies waist-hip ratio was used as an indicator of fat distribution. The ratio of triceps-subscapular skinfolds has also been used as an indicator of fat distribution and was found to be related to coronary heart disease and diabetes (Bj6rntorp, 1991) .
In a previous, cross-sectional study on obesity and subcutaneous fat patterning in relation to breast cancer we observed a significant association between overall fatness and breast cancer, whereas fat distribution, as measured by contrasting subscapular and triceps skinfold thickness, was not related to breast cancer (Tonkelaar et al., 1992) .
In this study we Statistical analyses were performed using BMDP (Dixon, 1985) . Independent variables to explain breast cancer incidence were height, weight, Quetelet's index, triceps and subscapular skinfolds, categorised in quartiles as defined in Table II . Combined effects of triceps and subscapular skinfold were estimated in categories as shown in Figure 1 . For each category an incidence rate was calculated by dividing the number of incident breast cancer cases by the total number of person-years contributed by all women in that category. The relative risk was calculated by dividing the incidence rate in an exposure category by the incidence rate in the reference category. Cox's proportional hazards model was used in order to control for age and other potential confounders (age at first delivery, age at menopause and family history). Proportionality of the model was globally checked by means of Kaplan-Meier curves. Tests for trend were performed by means of orthogonal contrasts. Figure 1 shows the combined effects of triceps and subscapular skinfolds. Relative risks are adjusted for age, age at first delivery, age at menopause and family history of breast cancer. In none of the four categories (lean, obese, peripheral fat, truncal fat) was the relative risk significantly different from the reference category. Similar results were obtained after adjustment for age alone.
Discussion
The data of this prospective study showed that Quetelet's index, weight and triceps and subscapular skinfold thickness were less strongly related to increased breast cancer risk than in our cross-sectional study. In our cross-sectional analyses the subjects were 119 post-menopausal women with breast cancer detected at first mammographic screening. In that study we observed significant linear trends in breast cancer risk in quartiles of weight, Quetelet's index and triceps and subscapular skinfold. Prevalence odds ratios for the highest quartiles of weight, Quetelet's index and triceps and subscapular skinfold were 1.81, 1.65, 2.01 and 2.23 respectively and significantly different from 1 (den Tonkelaar et al., 1992) . The population in the present study was not exactly the same as in our cross-sectional study. Women living in the surrounding towns and villages of the city of Utrecht were included in the cross-sectional study but not in the prospective study, because the follow-up for this group was not complete. However, when we limited our cross-sectional analysis to women from the city of Utrecht similar trends were observed.
The main difference between the cross-sectional study and the prospective study is, of course, that in the first study obesity was measured at the time of detection of breast cancer through mammographic screening and in the second study obesity was measured 6 months to 15 years (mean follow-up time 12.5 years) before the detection or manifestation of breast cancer. The results of the cross-sectional study are compatible with other case-control studies as reviewed by Osler (1987) , whereas the results of the prospective study are compatible with other prospective studies (Tornberg et al., 1988; Tretli, 1989; Ballard-Barbash et al., 1990 (London et al., 1989; Ballard-Barbash et al., 1990) . The result of the present study of a non-significant relative risk of 1.20 for women in the upper quartile of Quetelet's index is, however, also compatible with the result of a very large Norwegian study in which relative risks ranging from 0.93 to 1.22 in a quintile analysis were found in age (at measurement) categories 50-54 to 65-69 (Tretli, 1989) . In the present study women in the upper 10% were at increased risk for breast cancer. This is in agreement with results from another recent prospective study in women over 50 years of age (Tornberg et al., 1988 ). An older prospective study in post-menopausal women showed an increased risk of breast cancer with increasing weight and height, but not with Quetelet's index (de Waard & Baanders-van Halewijn, 1974) .
In one of the studies with a negative result (London et al., 1989 ) the women were relatively young (age at follow-up <60 years). In order to investigate whether the risk in older post-menopausal women was different from that in younger post-menopausal women, we conducted separate analyses for women aged 60 years or more at first screening (n = 3758; 89 cases) and women less than 60 years (n = 5986; 171 cases). We found slight indications that women younger than 60 years in the lowest quartile of triceps or subscapular skinfold thickness had a slightly, but non-significantly, decreased risk for breast cancer compared with women in the three highest quartiles, whereas in the older women no such effect was found.
The relationship between obesity and breast cancer might be confounded by oestrogen replacement therapy. However, only 5% of the women used oestrogens. Relative risks did not change after adjustment for oestrogen use. The negative association between Quetelet's index and P2, DY mammographic patterns (Brisson et al., 1984; Beijerinck et al., 1991) could partly explain the absence of a clear relationship between Quetelet's index and breast cancer in the present study.
Another aspect to be considered is that in our crosssectional study the women had never been screened for breast cancer before, whereas in our prospective study all women had been screened at least once. Possible explanations for the different results in our cross-sectional study compared with our prospective study are:
(1) Obese women may have slower growing tumours, which are therefore detected in excess at first screening (length bias). This would contradict a dozen studies in which obesity was found to be associated with poor prognosis among breast cancer patients (Howson et al., 1986) . However, it has been argued that prognostic effects of obesity may be confounded by tumour stage at diagnosis, reflecting delay in seeking medical care rather than increased growth rate of the tumour in obese patients (Howson et al., 1986) .
(2) Lean women may have detected their tumour before screening, whereas obese women have not, because a tumour in an adipose breast is more difficult to detect by breast self-examination. This leads to relative overrepresentation of obese breast cancer cases at first screening and thus a potential overestimation of the risk of obese women in crosssectional studies at first screening.
(3) In obese women compared with lean women a tumour may be more easily detected at first screening because mammography shows more contrast in adipose breasts. At subsequent screening rounds, differences in the clearness of the mammogram between adipose and non-adipose breasts become smaller, because mammograms become less dense with increasing age of the women.
All three explanations imply that patients with tumours detected in the interval between two screening rounds are leaner than patients with tumours detected by screening. This is in accordance with the findings by de Waard et al. (1984) . The length of follow-up post screening may be important in the association between obesity and breast cancer. Studies on this matter are currently in progress in our department.
Although the differences between the present, prospective, study and our cross-sectional study may be due to chance, it may be that there are differences between the characteristics of breast cancers detected at screening and subsequently which influence the association between measures of fatness and risk of breast cancer.
In the present study we did not observe a relationship between subcutaneous fat patterning, as measured by contrasting groups of combinations of high and low subscapular and triceps skinfold thicknesses, and breast cancer risk. In our cross-sectional study we also found no relationship. In two prospective American studies body fat distribution, measured by waist-hip ratio (Folsom et al., 1990) or skinfold ratio (sum of chest + subscapular + abdominal skinfold divided by triceps + thigh skinfold) (Ballard-Barbash et al., 1990) , has been found to be positively related to breast cancer risk in post-menopausal women. Other studies concerning fat distribution and breast cancer are summarised in Table I . In a recent study Sellers et al. (1992) showed that the association between waist-hip ratio and breast cancer was more pronounced among women with a family history of breast cancer. When we analysed women with a positive family history (n = 795; 41 cases) and with a negative family history (n = 8698; 216 cases) separately, women in the peripheral group with a positive family history had a relative risk of 0.46 (95% CI 0.10-2.12) compared with the reference group and women in the peripheral group with a negative family history had a relative risk of 0.96 (95% CI 0.60-1.53).
In addition, there was a slight indication that women with a positive family history and small skinfold thickness had a slightly increased risk for breast cancer, whereas women with a negative family history and small skinfold thickness had a slightly decreased risk. However, because of the small numbers involved no real conclusions can be drawn.
The absence of a relationship between subcutaneous fat patterning measured by contrasts of subscapular and triceps skinfold thicknesses and breast cancer in the present study could be due to the fact that a measure based on triceps and subscapular skinfold thicknesses does not include an indicator of gluteofemoral fatness, as is used in the other studies. Nevertheless, truncal body fat distribution as defined by our classification as shown in Figure 1 was associated with an increased risk of total mortality and mortality from coronary heart disease (Schopman-Geurts van Kessel, 1991) , suggesting that this classification has epidemiological relevance.
Although we did not observe significantly elevated risks in categories of subcutaneous fat patterning, there is a slight tendency towards higher risks from lean to obese and from peripheral to truncal fat distribution. It may be that in larger studies significant associations can be detected.
Current hypotheses about the mechanism underlying the associations between obesity and breast cancer include increased aromatisation of steroid precursors and reduced binding of oestrogens to sex hormone-binding globulin, resulting in increased levels of biological available oestrogens (Enriori & Reforzo-Membrives, 1984; Ota et al., 1986) . A similar hypothesis has been proposed for the relationship between fat distribution and breast cancer. No relationship was found, however, between waist-hip ratio and free oestradiol levels in post-menopausal women, although there was a negative relationship between waist-hip ratio and sex hormone-binding globulin (Kaye et al., 1991) . In another study in predominantly post-menopausal women, no relationship was found between waist-hip ratio or subscapular-triceps skinfold ratio and serum levels of oestrone, oestradiol or androstenedione (Austin et al., 1991) . A curvilinear relationship between waist-hip ratio and free testosterone concentrations has been observed in postmenopausal women (Kaye et al., 1991) . Increased androgenicity has been found to be associated with increased risk of breast cancer (Secreto et al., 1991) . The relationship between subcutaneous fat patterning as measured in the current study and sex hormone levels in post-menopausal women may be different from the relationship between waist-hip ratio and sex hormone levels.
We conclude that, in a population of post-menopausal women that has once been screened for breast cancer, obesity (when analysed in quartiles) was not significantly related to the occurrence of breast cancer in a prospective way. Our findings, however, suggest a non-linear association between obesity and breast cancer. The less clear association between obesity and breast cancer in the present study may also be caused by the fact that all subjects had already been screened once for breast cancer, indicating a more complex relationship between obesity and breast cancer that needs further investigation. Fat distribution, as measured by contrasting groups of subscapular and skinfold thicknesses, was not found to be related to breast cancer. The potential relationship between fat distribution and breast cancer, including the biological mechanisms underlying this relationship, remains to be elucidated.
